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This booklet helps you understand the: 
• biological, hydrological, and soil factors 
that define a wetland. 
• need for wetland mitigation and regulations. 
• services and functions your wetland will 
provide society. 
• design features that engineers should 
consider for: 
1) restored wetlands made by plugging a 
ditch or breaking drainage tile, 
2) embankment wetlands made by building 
a dam in a watercourse, and 
3) excavated wetlands made by excavating 
a depression in a level area. 
The cost and technical complexity of saving wet­
lands during highway construction justifies some wet­
land destruction, so planning must include mitigation. 
Mitigation is avoiding, minimizing, rectifying, or com­
pensating wetland loss resulting from development 
activities. Wetland mitigation planning is an example 
of the need for cooperation between ecologists and 
engineers. 
For example, when picking a site for an embank­
ment wetland, both ecological and engineering consid­
erations are important, but when building the embank­
ment, engineering considerations dominate the plan­
ning. 
Mitigating wetland loss with a "borrow pit" is 
another example of combining ecological and engi­
neering expertise. Engineering requirements for the 
right kind of fill near the project site usually determine 
where a borrow pit will be located, but after the "bor­
rowing," ecological specifications should guide the 
creation of the best mitigation effort possible. 
The Intemodal Surface Transportation Efficiency 
Act of 199 1 (ISTEA) and the Transportation Equity 
Act for the 2 1st Century (the 1998 Transportation Bill) 
allow use of federal highway funds to mitigate impacts 
to wetlands caused by federally funded highway proj­
ects. Through this eligibility and the FHWA's support 
of the "no-net-loss of wetlands" national objective, 
extensive activities to establish new or restored wet-
Most highway projects encounter one or more wet­
lands in the prairie pothole region of eastern South 
Dakota. 
lands have been undertaken all across the United 
States. 
The South Dakota Department of Transportation has 
supported this objective by using its authority to miti­
gate impacts to wetlands caused by highway construc­
tion projects. The Transportation Research Board has 
published Guidelines for the Development of Wetland 
Replacement Areas.1 The authors state "some users of 
the Guidelines may want a highly detailed, fixed proto­
col for designing replacement wetlands. The research 
team has avoided such an approach because of the 
complexity and site-specific nature of designing 
replacement wetlands. " 
This philosophy encourages development of regional 
guidelines, which are important for South Dakota because 
of the unique wetlands in the prairie pothole region. 
However, even with more specific guidelines, much cre­
ativity and flexibility is needed because of the variety of 
wetland types and sites that will be encountered. 
Wetland types 
and services 
Definition 
Water creates wetlands, but to say that water must 
be present for a certain number of days during the 
growing season to have a wetland is not usually a reli­
able test. The presence of water creates particular 
types of soils, called hydric soils, and the specially 
adapted plants, called hydrophytes, that are used to 
identify a wetland. Hydric soils tend to hold water 
during at least part of the growing season. Lack of 
oxygen in saturated soil creates the special chemistry 
of hydric soils. Water loving or water tolerant plants, 
called hydrophytes, have special adaptations to tolerate 
saturated soils and standing water. 
Wetlands in South Dakota occur in many forms, 
including prairie potholes, also called palustrine wet­
lands, lakes (lacustrine wetlands), and rivers (riverine 
wetlands). This booklet is about the 932,000 potholes 
in eastern South Dakota. This approximate number is 
known because wetlands have been mapped and count­
ed by the National Wetland Inventory.2 There are three 
main types of pothole wetlands: temporary, seasonal, 
and semipermanent. 
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Temporary wetlands pond water for a brief period 
during the growing season. The water table is usually 
below the soil surface when the wetland is not ponded. 
This type of wetland usually contains a mixture of 
upland and wetland vegetation. About 55% of our pot­
holes are temporaries. 
Seasonal wetlands are usually ponded through June 
or later during the growing season. The water table is 
near the ground surface. Vegetation is usually that rec­
ognized as a wetland type, such as cattails, bulrushes, 
and arrowhead. About 36% of our potholes are sea­
sonals. 
Semipermanent wetlands hold water throughout the 
year in most years. Common plant species are emer­
gent (roots under water, leaves in the air) species like 
cattail and bulrush, and also submerged (whole plant 
usually beneath the surface) species like sago 
pondweed and coontail. About 8% of our potholes are 
semi permanents. 
Wetland services and functions 
Attitudes toward wetlands have changed. At one 
time, wetland drainage was encouraged, but we began 
to suspect that changes we were making in the land 
might not be in our best interest. 
We always knew the high value of wetlands for 
wildlife, but increased flooding taught us about the 
flood water storage value of wetlands. For example, 
floods in the Vermillion River basin would be reduced 
37% if 60% of the partially drained wetlands were 
restored.3 
Wetlands also provide the following products: 
wood, livestock forage, bait fish, furs, livestock water, 
and aquatic plant seeds and plants. And wetlands sup­
ply corn, soybeans, wheat, and sunflowers in cultivated 
fields that are legally tilled and planted during dry 
years or after the temporaries dry up.4 
Wetlands provide services to communities and 
landowners. The nutrient removal capacity of wetlands 
is being used to clean up sewage from towns, industries, 
and highway rest stops. Non-point source pollution and 
runoff from city streets, landfills, highways, and shop­
ping mall lots are also being treated by wetlands. 
Irrigation runoff is controlled in wetlands called recharge 
pits. Wetlands recharge groundwater supplies and hold 
flood waters. While all these services and products are 
real, their economic value is difficult to quantify. 
Engineering advice 
from wetland wildlife 
Questions for wetland wildlife 
One goal of the South Dakota Department of 
Transportation is to increase the benefits of mitigation 
wetlands by incorporating design standards that pro­
vide greater ecological values than did those construct­
ed in the past. To meet this goal, the Department 
"asked" the animal and plant life if their living quarters 
in natural wetlands were comfortable. 
Scientists evaluated the species diversity of animal 
and plant communities in restored and dam-created 
wetlands, borrow-pit wetlands, and natural wetlands. 
And they identified habitat factors associated with 
diverse and species-rich wetland communities. They 
counted species and recorded the abundance of popula­
tions of fish, aquatic invertebrates (insects), birds, but­
terflies, reptiles, amphibians, and mammals. 
Their answers 
The best data from this South Dakota study were 
gathered on bird and aquatic insect communities, 
which l)ad more species in natural and restored wet­
lands than in borrow pit and dam-created wetlands.5 
There were more species in wetlands with 
1) more water surface area in a complex of small 
wetlands than in one single, large wetland, 
2) a surface area interrupted by patches of vegetation 
that covered 40-60% of the water surface because of 
variations in shoreline slope and bottom depth, 
3) greater shoreline irregularity because of peninsulas, 
bays, and coves, and 
4) other wetlands nearby to provide rapid colonization 
of plants and animals. 
Agreement with other studies 
Wetland creation is a new field, and evaluation of 
results is not always included in the project design, nor 
are results always applicable to the prairie pothole 
region. However, there are several reports on why 
other wetland creation projects were successes or fail­
ures.6-13 Other researchers made the same conclusions 
that came from the South Dakota study and reported 
reasons for wetland failure that were related to site 
selection, planning, construction, and post-construc­
tion. The following summarizes the most frequent rea­
sons for failure: 
• Disturbed soils that encouraged weeds. 
• New hydrology that reduced water availability. 
• Water chemistry not appropriate (e.g., too saline). 
• No wetlands nearby. 
• Little cooperation between landowners and agencies. 
• Lack of knowledge about wetland ecology. 
• Goals poorly defined. 
• Lost wetland not well studied beforehand. 
• Lack of time and funding to achieve the best effort. 
• Changes in land use around site. 
• Insufficient slopes at depth transition zones. 
• Shorelines too regular and steep. 
• Inundation levels and plant needs not matched. 
• No data on water table and hydrology. 
• Unhealthy soils or soil not right for plants. 
• Construction not following design plan. 
• No enforcement of permit. 
• Vegetation restoration incorrect. 
• Construction poorly timed (e.g., wrong season). 
• Persistent exotic or nuisance plants. 
• Nuisance animals damaging site (e.g., muskrat). 
• Bad weather in start-up years. 
• Insufficient soil organic matter. 
• Deposition of debris and sediment. 
• Insufficient management and monitoring. 
• No success criteria. 
Traps set along the shoreline in a natural wetland 
determine the kinds of fish and amphibians present. 
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Guidelines for restored wetlands 
The situation 
Wetland restoration of a prairie pothole is the reha­
bilitation of a natural, depressional wetland site that 
has been drained by either a ditch or a subsurface tile 
(Fig 1). 
Restoration is usually by plugging (filling) the ditch 
or breaking (removing) the tile. The purpose of the 
project is to restore both the hydrologic conditions and 
the hydrophytic plant community for the benefit of 
wildlife. Other purposes might be to maximize water 
storage for flood control or water quality. 
The original extent of the drained wetland basin may 
not be evident because of developments (e.g. roads, 
farming), so prior planning is important to predict the 
future size of the wetland and foresee possible effects 
on adjacent land, roads, railroads, or power lines. 
Ditch plugging guidelines 
Site: Choose a drained wetland near other wetlands 
in an area where the wetland complex is surrounded by 
Figure 1. View of a pothole wetland showing 
ditch and tile drainage methods. 
FORMER WETLAND BOUNDARY 
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permanent upland cover. Choose a basin that can be 
restored in its entirety (without dikes to protect adja­
cent land or roads), because this type is simpler to 
design, cheaper to construct, and less trouble to main­
tain. 
Mapping: The location, size, shape, and bound­
aries of the former wetland can be determined by 
locating hydric soils (e.g., Aquolls, Histosols, 
Fluvaquents). Make a base map to show the 
restored wetland, basin topography, land ownership, 
drainage features, and location of tiles and ditches. 
The map needs to be detailed enough to show the 
maximum pool elevation permissible without affect­
ing adjacent land and the locations of dikes and 
spillways. 
Record baseline data: Document the hydrology 
and vegetative characteristics of the drained site that 
can later be used to evaluate the project; take photos 
and inventory physical conditions and vegetation com­
munity. 
Size of project: Determine ditch depth. Shallow 
ditches ( < 3 ft deep) can be easily plugged; deeper 
ditches may need to be sealed by clay lining because 
they penetrate the water table. The length of the plug 
depends on the hydraulic condition of the soils. 
A general relationship is: 
Permeability 
<0.6 inches/hr 
0.6-2.0 
> 2.0 
Length of Plug 
50 ft 
100 
150 
Spillway: An excavated spillway is not needed 
when the watershed is small (< 20 acres) and when 
water leaves the restored wetland by natural drainage­
ways or by groundwater. High water from storms, 
snow melt, or groundwater inflow will seek a natural 
drainageway. Insure that the natural spillway is vege­
tated and that overland flows will not cause apprecia­
ble erosion. 
Site preparation: Remove vegetation from the 
ditch (including roots) for the projected length of the 
plug to minimize piping and seepage. 
Fill material: Borrow dirt for fill from near the 
ditch to match edge and fill materials, possibly borrow 
from within the wetland to increase storage capacity 
and wetland edge and to minimize upland disturbance; 
otherwise use a clay core. Specific plug criteria are as 
follows (Fig 2): 
material: 
width: 
length: 
end slope: 
height: 
cover: 
compacted to density of 
adjacent materials 
fill ditch 
50- 150 ft 
3: 1 or flatter 
crown 1 ft above ditch 
height 
top soil, seed 
Revegetation: Wetland plant seeds remain viable 
for many years, so for recently drained wetlands, sim­
ply allow water to return so vegetation and animals can 
invade the restored wetland. Otherwise, transplanting 
or using donor seed banks from nearby natural wet­
lands may be necessary, especially if the restored wet­
land is somewhat isolated. Seeds and roots of wetland 
plants are in the top 5 inches of hydrosoils, so scrape 
only the top foot or so of the donor wetland to collect 
the highest density of seeds. 
Tile removal guidelines 
Site: Determine whether the tiled wetland is isolat­
ed, or a part of a drainage complex. Changing 
drainage in the middle of a complex is costly and can 
affect other drained wetlands . 
Figure 2. Longitudinal and cross-section view of a ditch plug. 
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Planning: Subsurface drain removal begins with 
finding records on the extent of the existing system. 
This is sometimes difficult to do. 
Record baseline data: Document the hydrology 
and vegetative characteristics of the drained site that 
can later be used to evaluate the project; take photos 
and do an inventory of physical conditions and the 
plant community. 
Simple system tile removal: Usually, the subsur­
face drainage system is eliminated by removing a por­
tion of the drain tile at the downstream edge of the site 
This is done by digging a trench to the tile. Tile 
should be removed for 50 ft in heavy clay and 150 ft in 
sandy or organic soils. Also remove envelope filler 
material or other flow enhancing material. 
Complex system tile removal: If there are 
upstream surface and subsurface drainage systems that 
will be impacted, there are ways to restore the wetland 
while preserving the drainage tile. These include 
adding a stand pipe and nonperforated pipe to the 
existing drain. 
Permeable tile is replaced with impermeable tile of 
the same diameter. A riser is installed to bring water 
from upstream drained wetlands to the surface of the 
wetland to be restored. A second riser serves as a spill 
pipe with trash screen to control water level in the 
restored wetland. Input and output risers can be adja­
cent to each other. 
Refill: Refill the trench and compact fill to the den­
sity of the adjacent material. 
Management and evaluation 
A restored wetland will not always regain its former 
hydrology if changes in land use in the watershed have 
altered subsurface flows or lowered the water table. If 
all drain tiles are not interrupted, the basin may not 
retain water as anticipated. Enhancing wildlife value 
also will include providing upland buffer zones as well 
as the wetland habitat. 
Visit the site after the first few runoff events, when 
the disturbed soil is most vulnerable to erosion. 
Evaluate results after the first summer that water is 
restored and periodically thereafter to compare with 
pre-project conditions. Evaluation shows you how 
to improve the design of other projects. 
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Was the restoration successful? 
The answer depends on the criteria for success and 
the way you measure them, which can be anything 
from comparing before and after pictures to an expen­
sive study of biological and hydrological functions that 
can last for years. At the least, compare post-restora­
tion conditions with those measured as baseline data 
before restoration. 
For more information 
More specific information about site planning can 
be found in the Minnesota Wetlands Restoration 
Guide'4 produced by the Minnesota Department of 
Transportation and other agencies. 
More information about ditch plugging can be 
found in Engineering Field Handbook'5 and the South 
Dakota Technical Guide. 16 
The book titled Restoring Prairie Wetlands'7 has 
information on site selection (conflicts with adjacent 
land, potential hydrology, and vegetation) and methods 
for plugging ditches and removing tile lines. The case 
of the 142-acre tract in Iowa called the McBreen 
Marsh illustrates most common design features used in 
the prairie pothole region, including tile replacement, 
tile risers to limit pool elevation, water control struc­
ture installation, pressure release valves to avoid 
upstream tile line ruptures, and dike construction to 
increase basin depth. 
Counting b i rd species in a restored wetland is pa rt 
of a post-restoration evaluation. 
. Guidelines for embankment wetlands 
The situation 
A wetland is created in a stream or water course 
where an embankment is built to impound water. This 
type of wetland is sometimes called grade stabilization 
when placed in natural channels to prevent the forma­
tion or advance of gullies. The embankment is a dike 
if it is less than 6 ft high and a dam if it is greater than 
6 ft high (Fig 3). Wetlands behind dikes are sometimes 
called embankment wetlands whereas those behind 
dams are usually called ponds. Spillways around the 
embankment or pipes through the embankment are 
usually required. 
These guidelines focus primari-
depth. The secondary focus is on engineering specifi­
cations for embankment construction, which is a com­
plex task. An earthen dike with a principal spillway 
and an emergency spillway is the common retaining 
structure. 
The setting 
Identifying a good site in the watershed requires 
that you create a mental picture of the new impound­
ment superimposed on the present shape of the water-
ly on how to choose a site that, 
when flooded, will result in a wet­
land that harbors a high diversity 
of wildlife because it has such fea-
Figure 3. Typical earth dam. showing two islands that would appear 
after natural flooding. 
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Before and after aerial photo­
graphs of an embankment wet­
land site. The growth pattern of 
aquatic vegetation in the com­
pleted wetland shows that the 
shoreline slopes and bottom 
depths are irregular. 
CHANNEL FOR AUXILIARY SPILLWAY 
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Completed embankment wetland in a water course depicted as the "preferred site" in Figure 4 (p. 9). The 
final product closely matches the perspective view shown in Figure 5 (p. 9) that was envisioned by engineers 
and biologists before the project began. 
shed and its land use. Figure 4 is an exact reproduc­
tion of a topographic map of a watershed in South 
Dakota. Impounding water at one site causes a desir­
able wetland with islands and an irregular shoreline, 
whereas impounding at the second site yields a wet­
land with a simple shape. Figure 5 is a vision of the 
impoundment as it will look when filled. 
Consider the following when selecting the setting: 
• Most smaller basins in the prairie pothole region have 
a clay subsoil that is suitable dike material. Soils 
should be impervious enough to hold water. Silt, 
clay, or sandy and gravelly clays are best; to be sure, 
make soil borings and do soil analyses for size, plas­
ticity, and layer thickness. 
• Fill material is nearby. 
• The site is near existing trees and shrubs to improve 
overall wildlife use. If waterfowl use is a priority, 
then trees are a detriment because they are predator 
perches. 
• It will be in a narrow section of the valley to minimize 
the need for fill yet maximize surface area of 
impounded water that covers land to a variety of 
depths. Emphasis should be on an area where the side 
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slopes of the future wetland will be gentle so that a 
border of emergent vegetation can become established. 
• Select a site where downstream damage would not 
occur if the embankment failed and where upstream 
damage would not occur to developments such as 
roads and crops. 
• The spillway area available is a natural spillway of 
adequate size and shape to direct overflows away 
from the embankment. 
• No buried cables or pipes, no overhead power lines 
are present. 
Estimating future wetland capacity 
Dikes are suitable for agricultural areas where dam­
age from dike failure will be minimal and the maxi­
mum water depth against the dike is 6 ft or less for 
mineral soils and 4 ft or less for organic soils. The 
amount of impounded water will vary depending on 
runoff, evaporation, and seepage. On average, a pond 
must be 8 ft deep in eastern South Dakota to insure 
year-round water, so impounding 4 ft of water by cap-
Figure 4. Topographic map reproduction showing preferred and less desirable locations for embankment or 
dam-created wetlands 
IMPOUNDED WATER ---1!it!1t--�� 
DAM -�*""--� 
Preferred Less Desirable 
• Impounds large area of water • Impounds small area of water 
• Large amount of shoreline development • Small amount of shoreline development 
• Requires low. wide embankment • Requires tall. narrow dam 
• Shallow water level promotes aquatic vegetation • Deep water limits aquatic vegetation 
Figure 5. Perspective view of impoundment after filling with water. 
-WATER LINE 
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turing spring runoff may result in a semipermanent 
wetland in wet years and a temporary in dry years. 
An estimate of water capacity is needed to assess 
where the wetland will lie in the watershed and how 
spillways should be designed. The procedure18 is: 
•Estimate the pond-full water elevation and stake the 
waterline at this elevation. 
• Measure the width of the valley at this elevation at 
regular intervals and use these measurements to com­
pute pond-full surface area in acres. 
• Multiply the surface area by 0.4 times the maximum 
water depth in ft. 
• Example: if the surface area is 3.2 acres and the 
depth at the dam is 5 ft, then (0.4 x 5 ft) x 3.2 acres= 
6.4 acre-ft water capacity. 
Assessing the contributing drainage 
• Evaluate the contributing drainage. Are erosion con­
trol practices in place? Are there vegetated uplands 
that will promote wildlife colonization of the new 
wetland? 
• Evaluate the contributing drainage water yield because 
it must be large enough to maintain water in the pond 
but not so large that expensive overflow structures are 
needed to bypass excess runoff during large storms. 
Precise estimates of the amount of runoff depend on 
assessing the cover and soil type to calculate a runoff 
curve number. The NRCS Agriculture Handbook 590 
has detailed methods, 18 but a general guide to the 
approximate drainage area needed to supply an acre­
foot of water in South Dakota is: 
Part of State 
Eastern 
Western 
Drainage Area (acres) 
20 
35 
• Practical examples: Surveys in the prairie pothole 
region show that wetlands in 17-acre watersheds have 
water in midsummer most years, those in < 4-acre 
watersheds rarely have standing water no matter what 
the wetland basin size. 
• Consider the location of the embankment in the 
watershed in relation to runoff and distribution of 
fish. The lower in the watershed, the more likely that 
upstream fish migrations will be interrupted. 
Impounding water in an intermittent stream reach 
could help downstream conditions by reducing 
flooding (Fig 6). 
Dam site foundation soils 
Soils which will support the dam should be: 
• Stable enough to withstand weight of embankment 
without excessive settlement. 
Figure 6. Siting the wetland in the watershed to avoid conflicts with fisheries and capture enough water to fill 
the wetland. 
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I LESS DESIRABLE DAM PLACEMENT AREA 
• Too large a drainage area 
• Greater impact on fish 
TYPICAL DAM PLACEMENT 
IMPOUNDED WATER 
I FAVORABLE I LESS DESIRABLE DAM PLACEMENT ARA DAM PLACEMENT AREA 
• 20-35 acre drainage area • Too small a drainage area 
• Less impact on fish 
• Stripped to a depth of significant root development or 
at least to 0.5 ft; scarified for bonding. 
• Sufficiently impermeable to prevent excessive seep­
age; the most satisfactory foundation consists of soil 
underlain at a shallow depth by a thick layer (about 3 
ft) of relatively impervious consolidated clay or 
sandy clay mixture of coarse and fine-textured soils. 
• Although porous or unstable foundation sites can be 
used, they require a "cutoff" trench filled with imper­
vious material or a cutoff wall of sheet steel. The 
cutoff trench is dug through the pervious foundation 
to about 2 ft into impervious underlayers. The trench 
should be about 8 ft wide and filled with impervious 
material. Reaching impermeable subsoil might be 
difficult in large basins or where peat, sand, or gravel 
deposits are thick. 
The embankment (Fig 7) 
• Stake to transmit information from drawings to job 
site; stake the dam, borrow area, auxiliary spillway, 
and area to be covered with water. 
• Top width is 6 ft for dikes 6 ft high; 8 ft for embank­
ments 10 ft high. Compact successive 8-inch layers. 
•Upstream slope is 3: 1; downstream 2: 1 or less (hori­
zontal:vertical); more gentle slopes give dikes greater 
stability. 
•Allow for settling; a rule of thumb is 5% if compact­
ed, 10% when dumped and shaped, 20% for dragline 
dump, and 40% if containing high organic material. 
• Freeboard after settlement should be > 1 ft above 
water surface to top of embankment (some guidelines 
call for at least 2 ft of freeboard). 
•Impervious cutoff trench is needed in pervious soils. 
• Liner screens of hardware cloth under a foot of fill have 
been used to reduce damage by burrowing animals. 
•Design must relate to surroundings, with embank­
ment shaped to blend into the landscape. 
Spillway design 
No matter how well a dam has been built, it will 
probably be destroyed during the first severe storm if 
spillway capacities are inadequate. There are two 
kinds of spillways, primary pipe through the embank­
ment, and an auxiliary vegetated spillway. The auxil­
iary spillway passes excess storm runoff around the 
dam so that water in the pond does not rise high 
enough to damage the dam by overtopping. Several 
types of pipe spillways are recommended depending 
on site and water management options. 
• Small dikes (about 1 ft high) will only need one veg­
etated spillway. 
• Larger dikes need two spillways, a primary pipe 
buried in the embankment and an auxiliary vegetated 
spillway. 
•The simplest pipe spillway is a straight pipe with a 
diameter to handle a 10-year flood event and mini­
mize the use of the auxiliary spillway; in the prairie 
pothole region, this is usually a 6- to 8-inch pipe. 
Figure 7. Cross section of a typical earthen embankment used to impound water in the upper reaches of a 
stream. 
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Drop i nlet pipe spillway be i ng assembled before 
placement in an emba n kment or dam. 
• The elevation of the pipe sets the maximum pool ele­
vation; the intake must have a trash exclosure to pre­
vent clogging, which is a common problem in man­
aging the wetland. 
• The auxiliary spillway is usually a wide earthen over­
flow chute protected against erosion by seeding or 
sodding; mulching may be necessary. 
• The auxiliary spillway conveys the water safely to the 
outlet channel while protecting the downstream slope of 
the embankment; the spillway may be around the dam, 
or at an outlet along the side of the wetland (Fig 8). 
Revegetation 
Because the new wetland is in a drainageway, many 
wetland plant seeds will be already present or intro­
duced by runoff. Transplanting or using donor seed 
banks from nearby natural wetlands may be necessary, 
however, especially if the new wetland is somewhat 
isolated. Seeds and roots of wetland plants are in the 
top 5 inches of hydrosoils, so scrape only the top foot 
or so of the donor wetland to collect the highest densi­
ty of seeds. 
Aggressive weeds such as reed canary grass 
(Phalaris arundinacea) and Canada thistle (Cirsium 
Figure 8. Examples of typical auxiliary spillway locations. showing the location of the preferred auxiliary spill­
way away from the embankment. 
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arvense) can overpopulate a new area to the detriment 
of species more desirable to wildlife. 
Cattails are common in the prairie pothole region 
and are the symbol of a wetland to many people. 
Actually, cattails hamper the establishment of many 
plant species and can eventually lower the value of the 
wetland even for waterfowl. Woody vegetation such as 
willows (Salix spp.) and cottonwoods (Populus spp.) 
may become established. 
Management and evaluation 
The dike will require periodic maintenance. 
Frequent visits during spring runoff the first year help 
identify early problems. Vegetation in the new wetland 
will go through successional stages, and year-to-year 
variation is natural and desirable for prairie potholes. 
An inspection check-off list might include: 
• Seepage around spillways, settling, erosion. 
• Vegetation that was reseeded and fertilized in the 
uplands. 
• Minimal mowing schedule, limited to after July 15 to 
protect nests. 
• Fill rills on side slopes of the embankment, fertilize 
and reseed as needed. 
• Fences in good repair, trash cleared from spillway. 
• Damage by burrowing animals. 
• New land uses or pollution sources. 
• Noxious weeds controlled according to state regula­
tions. 
Evaluation will show how site-specific features 
affect the basic design so that future embankments can 
A core trench is cut on the centerline of the dam 
where the pipe spillway will be placed. 
be better built. Judgments about the success of the 
mitigation depend on a comparison between before and 
after conditions. 
Complex studies can be done, but to evaluate the 
new wetland as wildlife habitat, a practical approach 
seeks answers to the following questions: 
1) Is the hydrology similar to that in surrounding natu­
ral wetlands? 
2) Is there a clumped distribution (hemi-marsh condi­
tion) of several kinds of emergent hydric plants? 
3) Is there a stand of submerged vegetation? 
4) Are there representatives of about 2 dozen species 
of nesting birds in the spring? 
5) Can you hear several kinds of frogs and toads? 
6) Do you see mammal tracks in the mud or bird nests 
in the wetlands? 
When there is a problem, is it for any of the reasons 
given below? These are the common reasons dikes fail. 
1) Overtopping during high flow. 
2) Undermining from channel flow. 
3) Sloughing from wave action. 
4) Sloughing because of saturation. 
5) Excavation by burrowing animals. 
6) Seepage along the water control structure through 
the dike. 
For more information 
The embankment and spillway figures presented 
here are composites from several works that give engi­
neering details.15•16•18•19•20 
Seek help from the NRCS. The 85-page 
Agriculture Handbook 590 entitled Ponds-planning, 
design, construction'8 is especially useful. It has 
tables and charts used to estimate discharge rates and 
permissible velocities for spillways that are too 
lengthy to include here. Also essential is a descrip­
tion of the most efficient method of estimating the 
volume of earthfill using the sum-of-end-area 
method. 
The U.S. Fish & Wildlife Service can also be help­
ful. The agency provides technical assistance on wet­
land mitigation, wetland wildlife values, and mitigation 
banking. Its Partners for Wildlife Program has con­
structed many embankment wetlands for private 
landowners in the north-central states. 
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Guidelines for a created 
depressional wetland 
The situation 
A borrow-pit wetland, also commonly known as an 
excavated pond, dugout, or created wetland, may be 
filled by surface runoff, a groundwater aquifer, or by 
both. The location of a borrow pit is usually a compro­
mise between a location that best serves the need for fill 
and a location that produces successful mitigation. 
Other considerations are topography, drainage area, and 
impact of wildlife and habitat (Fig 9). 
Creating a wetland is an opportunity for an engineer 
to convert information from studies of biological com­
munities in natural wetlands into engineering plans. 
These studies have suggested that use of the wetland 
by animals will be enhanced if: 
1) Shorelines are irregular. 
2) Depth varies along the shore and bottom. 
3) Emergent vegetation is present and dispersed in 
patches throughout the wetlands. 
4) The site is near other wetlands. 
Figure 9. Borrow-pit wetland created with a 
drag-line/backhoe and an earthmover. The 
earthmover creates a borrow pit with i rregu-
lar borders. The inset shows a possible 
location to one side of a drainage way. 
PERSPECTIVE 
VIEW 
Run-off directed into 
The setting 
• Performance of nearby wetlands with similar soils is 
a good indicator of how the finished wetland will 
function. 
• Trees are not native to the prairie grassland ecosys­
tem; their presence in the area may or may not be 
desirable depending on the goals of the mitigation. 
• In a broad natural drainageway, a pond located to one 
side can be filled with diverted runoff so after the 
pond is filled, the runoff escapes through regular 
drainages (Fig 9, inset). 
• Soils need to be impervious enough to hold water. 
Desirable soils are fine-textured clay and silty clay 
that extend below the pond depth; if the site has grav­
el or sand-gravel mixtures that do not hold water, or 
if the excavation is into this type of mixture, then 
sealing by compaction or use of clay blankets or ben­
tonite must be done to help establish wetland water 
conditions. 
FINAL GRADE 
HIGH WATER TABLE 
ORIGINAL GRADE 
pond by ditch, pipe, ---�i;;:::=-�� 
or overland flow. 
14 
. : .. : .... .. . . - . 
• Contributing drainage must be large enough to maintain 
water in the pond but not so large that expensive over­
flow structures are needed to bypass excess runoff dur­
ing large storms. In eastern South Dakota, a 20-acre 
drainage usually supplies about 1 acre-foot of water. 
Specifications 
• Final pond shoreline is irregular; geometric excava­
tions can be graded to create more natural configura­
tions (Fig 10). 
• Maximum depth should be about 6 ft (this is somewhat 
arbitrary but conforms to one of the characteristics 
used by the National Wetland Inventory that separates 
a palustrine wetland from a deep-water habitat (lake). 
• Shoreline above the water line should not slough. If 
excavated material is not removed from the site, 
shape and spread it to blend with natural landforms in 
the area. 
• If an earthen mound is planned, it should be on the 
windward side of the pond to act as a snow fence. 
• Shoreline below the water line should vary in slope 
around the wetland perimeter from 6: 1 to 10: 1 (hori­
zontal:vertical) (Fig 1 1). 
• Bottom contour should be irregular, with 40-60% of 
the final pond depth being about 1.5 ft deep. 
Emergent vegetation grows to depths of 1.5 ft, so the 
tops of the humps would be places for natural vegeta­
tion to establish (Fig 1 1). 
• Increase capacity by adding an embankment on the 
lower end and sides; this is a combination of the 
D AREA OF INITIAL EXCAVATION 
• FINALEDGE 
excavated and embankment wetland type; embank­
ments require spillways. 
Water supply and spillway 
• At possible sites for groundwater-fed excavated 
ponds, bore test holes. The water level in the test 
holes indicates the normal water level in the complet­
ed pond. Check the test holes during drier seasons if 
the created wetland is to be a semi-permanent wet­
land. Ground-water levels depend on seasonal pre­
cipitation, so a one-time check can be misleading. 
• For wetlands filled by water from a channel or ditch, 
prevent erosion in the incoming and exit channels. 
• For wetlands filled by water from a pipe, the area 
around the pipe and upstream from it for a consider­
able distance needs to be stablized to prevent possible 
erosion. 
• For wetlands filled by overland runoff, provide a 
desilting area or filter strip in the drainageway imme­
diately above the pond to remove the silt. The strip 
should be as wide as or somewhat wider than the 
pond and 100 ft or more long. Prepare a seedbed, 
fertilize, and seed the area with grasses and forbs that 
will filter the water. 
• When an embankment is used and runoff might exceed 
wetland capacity, plan a natural spillway if vegetation 
and soils are not erodible; for excavated spillways with 
a vegetated earth slope less than 5%, topdress with 
topsoil and seed with sod-forming grasses. 
Figure 10. Geometric excavation graded to create 
increase in shoreline length. reduced slope. favorable 
conditions (<0.5m depth) for aquatic vegetation. and 
natural configuration. 
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Figure 11. Surface view of a created wetland and cross section view along 
three transects showing irregular bottom. an island, and shorelines with 
different slopes. 
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Vegetation 
Many plant seeds will be introduced by wind or 
runoff. Transplanting or using donor seed banks from 
nearby natural wetlands may be necessary. Aggressive 
plants such as reed canary grass, Canada thistle, and 
cattail are common in the prairie pothole region and 
can hamper the establishment of a diverse plant com­
munity. Recommendations: 
• Allow natural aquatic regeneration by seeds usually 
present in flowing water. 
• 11Jump-start" by adding several cubic yards of hydric 
soil from the top one foot of a nearby donor wetland. 
• Return top soil on all disturbed areas; prepare topsoil 
by discing or harrowing and fertilizing. 
• Seed with perennial grasses and forbs appropriate for 
local soil and climate; standard dense nesting cover is 
a mix of alfalfa, tall and intermediate wheatgrass, and 
sweet clover. 
• Plant natives if seed is available for switchgrass, big 
bluestem, Indiangrass, and western wheat. 
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Nesting islands for ducks 
and shorebirds21 
Two kinds of islands can be worked into the created 
wetland design-small rock islands that hold a single 
nest (Fig 12), and large (>250 ft surface area) vegetat­
ed earth islands (Fig 13). 
• Rock islands are usually 2-3 ft above average water 
level with another 2-3 ft of soil on top of the rocks, 
10- 15 ft in diameter, and limited to no more than one 
island per 6 acres of wetland. 
Figure 12. Small rock islands can be added to 
a new wetland to promote waterfowl nesting. 
f-- 10-15' DIAMETER --i 
Figure 13 .  Large vegetated earthen island also promotes waterfowl 
nesting. 
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SECTION 
A 
• Vegetated earthen islands can be planned for created 
wetlands larger than 5 acres. 
0 Spoil may be used to construct a vegetated earth 
island; soils should contain 30% clay mixed with 
silt and sand and some aggregate if wave action is 
anticipated. 
0 The island should have at least 250 ft of surface 
area and be at least I ft above the high water level. 
0 The island should be > 400 ft from shore if water­
fowl nesting is a goal. 
0 Vegetated island shoreline slope depends on antici­
pated wave action; 6: I to 8: I (horizontal:vertical) 
is acceptable with moderate wave action. 
0 Surrounding wetlands within I mile should cover 
about 40 acres in total, because other wetlands 
may be used by the brood, which cannot move far 
after hatching. 
0 The island should be oval, kidney, or peanut 
shaped, with the narrowest end toward prevailing 
storm winds. 
0 Build island in compacted layers topped with 4-6 
inches of topsoil. 
0 Seed with a grass-legume mixture. If the island 
is � 0.2 acre, shrubs (western snowberry, 
SOIL 
B 
Wood's rose) make good waterfowl nesting cover 
when planted at a 2.5-ft spacing. 
Management and evaluation 
Vegetation in the new wetland will go through suc­
cessional stages, and year-to-year variation is natural 
and desirable for prairie potholes. An inspection 
check-off list might include: 
Evaluat i ng waterb i rd use of rock nesting isla nds i s  
part o f  the eval uat ion  o f  created wetlands .  S h own 
here a re b i ologists i nspecti ng a goose nest . 
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• Vegetation reseeded and fertilized in the uplands. 
• Minimal mowing, limited to after July 15 to protect 
nests. 
• Fences in good repair; spillway clear of trash. 
• Upstream watershed checked for new land uses or 
pollution sources. 
• Noxious weeds controlled according to state regula­
tions. 
• Nesting-island shrubs established by the end of the 
second growing season. 
• Predators on islands controlled every few years. 
Evaluation is needed to learn how site-specific fea­
tures affect the basic design, so that future wetlands 
can be better built. Judgments about the success of the 
mitigation depend on a comparison between before and 
after conditions. 
Complex studies can be done, but to evaluate the 
new wetland as wildlife habitat, a practical approach is 
to seek answers to the following questions: 
1) Is the hydrology similar to that in surrounding natu­
ral wetlands? 
2) Is there a clumped distribution (hemi-marsh condi­
tion) of several kinds of emergent hydric plants? 
3) Is there a stand of submerged vegetation? 
4) Are there representatives of about 2 dozen species 
of nesting birds in the spring? 
5) Can you hear several kinds of frogs and toads? 
6) Do you see mammal tracks in the mud? birds nest­
ing in the wetlands? 
For more information 
Excavated ponds are covered superficially in the 
NRCS Agriculture Handbook 590, Ponds-planning, 
design, construction. 18 Most information is about how 
to seal the bottom so the finished pond will hold water. 
The Federal Highway Administration 's 230-page 
report, Guide to Wetland Functional Design22 was 
developed as a guide to designing wetlands for multi­
ple functions, not just for wildlife values as covered 
here. The report informs readers how to use the 
Wetland Evaluation Technique to evaluate wetland 
functions, select sites, and choose site design features 
for replacing functions. 
Evaluating the success of a mitigation wetland can include a survey of small mammals. insects, and vegeta­
tion. Shown here is a wetland created to mitigate wetlands lost during the expansion of a golf course. 
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A ditch block slows runoff and creates a road-side wetland area used by wildlife. 
Other hig hway 
wetland opportunities 
Highway rights-of-way, borrow and disposal areas, 
and excess land parcels present other opportunities to 
create wetland habitats. These created wetlands blend 
with the environment and may reduce highway mow­
ing and other management costs. 
Ditch blocks 
These wetlands are simply a shallow water area 
impounded by a small earthen dam or berm across a 
ditch bottom. They are constructed for temporary 
water storage to reduce peak runoff but are also benefi­
cial for wildlife. 
Drainage ditches and cross drains23 
Wetlands can be created, preserved, or enhanced 
through designing controls and careful installation of 
culverts. By raising culvert inlet elevations or lower­
ing ditch bottoms, runoff can be held in flat-bottomed 
drainage ditches to create wetland conditions. 
Banked wetlands 
The objective of banking is to replace the chemical, 
physical, and biological functions of a wetland lost 
because of authorized highway construction impacts. 
Ideally, mitigation banks are made before develop­
ment. Banks with functioning wetlands provide eco­
nomically efficient and flexible mitigation opportuni­
ties, while compensating for wetland loss. Units of 
restored, created, enhanced, or preserved wetlands are 
expressed as "credits" that may subsequently be with­
drawn to offset "debits" incurred at a project site. 
1 9 
Success stories 
Engineers, wi ldlife managers, and land owners and 
operators need to constantly be aware of the relation 
between road management and ecosystem sustainabi li­
ty.13 Some transportation departments hire ecologists 
whereas others work with professionals in other agen­
cies. These days it is useful to have an inventory of 
restoration and investment (banking) opportunities for 
wetlands as a part of construction projects. Outreach is 
needed to inform the public about the benefits of wet­
land conservation. 
Arkansas 
The proposed U.S. 65 bypass in Pine Bluff required 
fil ling 33 wetland acres. The designation of about 175 
acres at four locations for borrow sites, wetland cre­
ation areas, and floodwater storage areas provided 
replacement wetlands and enhanced the usefulness of 
adjacent wetlands. Integration of mitigation measures 
into the design resulted in an estimated $ 1 1.5 mil lion 
reduction in overall project cost (Bi l l  Richardson, 
Assistant Division Head, Environment Division, 
Arkansas State Highway and Transportation 
Department, personal communication).24 
North Dakota 
Coyote Wetland is a 4 1-acre shallow marsh in Grant 
County, created by diverting water from a nearby creek 
into an ancient dry oxbow. Water levels in the wetland 
are control led to provide optimum waterfowl breeding 
habitat. Many other birds and wildlife benefit from the 
project as well, since it is surrounded by native range­
land. Private landowners, Ducks Unlimited, and the 
NDDOT cooperated on the project (Patsy 
Crooke, North Dakota Department of 
Transportation, personal communication). 
Wisconsin 
Hope Marsh, a 195-acre muck farm on glacial 
lake plain, was restored to 195 acres of deep and 
H ighway projects and the number of prairie potholes 
in South Dakota require highway engineers. w i ldlife 
managers, and land owners to cooperate to maintain 
high qual i ty public transportation whi le also 
conserving natural resources. 
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shallow marsh and wet meadow. The marsh now 
serves as habitat for migratory waterfowl and other 
water-dependent birds. It also serves a flood-flow 
function for the adjacent Grand River. Hope Marsh 
met a l l  planned and construction objectives. The 
marsh is a bank site in WisDOT's statewide wetland 
bank system (John Jackson, Bureau of the 
Environment, Wisconsin Department of Transportation, 
personal communication). 
Montana 
The Beaverhead Gateway Ranch mitigation site was 
developed within a 200-acre perpetual conservation 
easement on private land. The restored 50-plus wet­
land acres have developed into a highly diverse emer­
gent marsh that is home to large numbers of waterfowl 
and shorebirds and hosts many other bird species dur­
ing the spring and fal l  migrations. This project is a 
good example of both interagency cooperation and 
involvement of conservation-minded members of the 
public. The design and construction of the wetland 
compensation area involved several state and federal 
agencies, the Montana DOT, and the private landowner 
(Lawrence Urban, Environmental Services Unit, 
Montana Department of Transportation, personal com­
munication ). 
Oklahoma 
A road across a wet meadow in the Cibola National 
Forest included culverts that drained the meadow. 
When the culverts were raised, soils became more sat­
urated and wetland vegetation returned and the wet 
meadow was restored. Wet meadows are grasslands 
having low-velocity surface and subsurface flows.23 
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